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world.	 Time-calibrated	 molecular	 phylogenies	 show	 that	 some	 lineages	 of	 Neoisoptera	






















Termites	 form	a	 small	 insect	 group,	 comprising	~3000	 species	 (Krishna	et	 al.,	 2013).	 They	
primarily	 feed	 on	 wood	 or	 grass,	 but	 many	 species	 of	 Termitidae	 evolved	 to	 feed	 on	
decomposed	 substrates	 such	 as	 humus	 or	 soil	 (Abe,	 1979).	 Termites	 reach	 their	 highest	
abundance	 in	 tropical	and	subtropical	 terrestrial	ecosystems,	where	they	are	the	principal	
decomposers	of	organic	matter	(Sugimoto	et	al.,	2000).		
Phylogenies	based	on	mitochondrial	genomes	have	shown	that	extant	termites	descend	from	
a	 common	 ancestor	 that	 lived	 ~150	Ma	 (Bourguignon	 et	 al.,	 2015),	 and	 their	 distribution	
includes	all	of	the	continents	other	than	Antarctica.	Vicariance,	through	plate	tectonics,	and	
dispersal,	 across	 oceans	 and	 land	 bridges,	 are	 the	 two	 processes	 that	 can	 explain	 how	
organisms	acquired	their	current	distributions	across	continents.	In	the	case	of	termites,	plate	
tectonics	might	explain	the	global	distribution	of	earliest	branching	lineages.	However,	the	
termite	 lineages	 that	 currently	 dominate	 warm	 ecosystems	 evolved	 only	 ~50	 Ma	





species,	 which	 favours	 dispersal	 by	 rafting	 across	 oceans	 in	 blown	 down	 trees	 and	 logs	
(Bourguignon	et	al.,	2016,	2017).		
Several	 recent	 studies	 have	 intended	 to	 resolve	 the	 historical	 biogeography	 of	 termites,	
primarily	 focusing	 on	Neoisoptera	 (Bourguignon	 et	 al.,	 2016,	 2017;	Dedeine	 et	 al.,	 2016).		







Schedorhinotermes,	 Rhinotermes,	 Dolichorhinotermes,	 Parrhinotermes,	 and	 the	 doubtful	



















non-Rhinotermitinae	 samples	used	by	Bourguignon	et	al.	 (2015).	 Termite	 specimens	were	
preserved	in	RNAlater®	and	stored	at	-80°C	until	DNA	extraction.	Whole	genomic	DNA	was	
extracted	from	worker	head	and	legs	using	the	phenol-chlorophorm	extraction	procedure.	

































We	 aligned	 each	 gene	 separately	 using	 the	Muscle	 algorithm	 (Edgar,	 2004),	 with	 default	
settings,	 implemented	 in	MEGA	7.0.26	 (Kumar	et	al.,	 2016).	Ribosomal	RNAs	and	 transfer	





used	 for	 all	 phylogenetic	 elaborations.	We	 reconstructed	 phylogenies	 using	 Bayesian	 and	
maximum	likelihood	methods.	We	examined	each	codon	position	of	the	protein-coding	genes	
using	the	Xia’s	method	in	DAMBE	(Xia	and	Lemey,	2009),	and	found	no	evidence	of	saturation	
at	 the	 third	 codon	positions	 (NumOTU	=	 32,	 ISS	 =	 0.611,	 ISS.CAsym	=	 0.809).	 Therefore,	 all	
phylogenetic	analyses	were	performed	twice,	once	with	the	third	codon	position	included,	
and	once	with	the	third	codon	position	excluded.	We	implemented	Bayesian	 inferences	 in	



















MCMC	 chains	 were	 run	 for	 108	 generations,	 from	 which	 the	 first	 107	 generations	 were	
discarded	 as	 burn-in.	 The	 chain	 was	 sampled	 every	 10,000	 generations	 to	 estimate	 the	















Each	of	 our	 analyses	 yielded	 identical	 tree	 topologies	 (Fig.	 1),	 consistently	 supporting	 the	
monophyly	 of	 Rhinotermitinae.	 Parrhinotermes	 formed	 a	 monophyletic	 taxon,	 the	 sister	










The	 analysis	 with	 third	 codon	 positions	 yielded	 consistently	 older	 age	 estimates	
(Supplementary	Fig.	S1),	up	to	15.6	My	older	than	the	analysis	without	third	codon	positions	
(Fig.	1).	We	provide	 the	 results	of	both	analyses	conjointly.	The	divergence	 time	between	
Parrhinotermes	and	other	Rhinotermitinae	was	estimated	at	50.4–64.6	Ma	(41.7–74.5	Ma	95%	
HPD).	 The	 most	 recent	 common	 ancestor	 of	 the	 examined	 Parrhinotermes	 species	 was	
estimated	 at	 29.7–42.4	 Ma	 (23.3–50.0	 Ma	 95%	 HPD).	 The	 clade	 composed	 of	








estimated	state	 frequencies	and	gamma-distributed	 rates	across	 sites	 (Supplementary	Fig.	
S2).	 Our	 analyses	 revealed	 four	 disjunctions	 among	 biogeographic	 realms.	 Significant	
uncertainties	 in	 the	 ancestral	 range	 reconstruction	 prevent	 us	 from	 drawing	 definitive	
conclusions	on	 the	direction	of	 the	dispersal.	Within	Parrhinotermes,	 the	New	Guinean	P.	
browni	diverged	from	Oriental	Parrhinotermes	at	29.7–42.4	Ma	(23.3–50.0	Ma	95%	HPD).	The	







last	 common	 ancestor	 at	 24.0–35.7	 Ma	 (16.8–45.3	 Ma	 95%	 HPD)	 and	 diverged	 from	




lineages,	 each	 exclusively	 distributed	 in	 the	 African,	 Australian	 or	 Oriental	 realms,	
respectively.	The	African	Schedorhinotermes	diverged	from	other	Schedorhinotermes	26.5–
41.3	Ma	 (21.1-48.8	Ma	95%	HPD),	and	 the	Oriental	Schedorhinotermes	diverged	 from	the	
Australian	Schedorhinotermes	20.3–34.2	Ma	(15.9–40.4	Ma	95%	HPD).	The	scenario	favoured	


















(Austin	et	al.,	2004;	Bourguignon	et	al.,	2015),	while	 two	other	 studies	 supported	a	 sister	
relationship	between	Schedorhinotermes	and	Parrhinotermes	(Lo	et	al.,	2004;	Inward	et	al.,	
2007).	The	position	of	Parrhinotermes	as	the	earliest	lineage	in	the	tree,	combined	with	the	
fact	 that	 it	possesses	a	monomorphic	 soldier	and	worker	castes,	 suggests	 that	 the	 soldier	
dimorphism	 of	 other	 Rhinotermitinae	 genera	 evolved	 once	 and	 was	 not	 lost	 since	 then,	
except	perhaps	in	Acorhinotermes	(Roisin,	2000).		
Our	molecular	clock	analysis	with	third	codon	positions	yielded	ages	up	to	15.6	My	older	than	
those	without	 third	 codon	 positions.	 This	 large	 divergence	 is	 likely	 the	 result	 of	 the	 high	





















and	 therefore	 possibly	 dispersed	 through	 this	 route.	 In	 the	 case	 of	 the	 Australian	
Schedorhinotermes,	 the	 timing	 of	 the	 split	 between	 this	 lineage	 and	 the	 Oriental	
Schedorhinotermes	is	consistent	with	a	crossing	over	Wallace’s	line,	either	through	rafting,	or	
aerial	dispersal	across	the	short	distances	that	are	thought	to	have	existed	between	some	
pairs	 of	 islands	 respectively	 with	 an	 Oriental	 and	 Australian/Papua	 New	 Guinean	 origin.	
Similar	 scenarios	 have	 been	 proposed	 to	 explain	 the	 presence	 of	 geoscapheine	 and	
panesthiine	 burrowing	 cockroaches	 in	 Australia	 (Lo	 et	 al.,	 2016).	 However,	 in	 that	 case,	
Australian	 cockroach	 taxa	 were	 found	 to	 be	 nested	 within	 Asian	 lineages,	 whereas	 this	
pattern	was	not	found	for	Australian	and	Asian	Schedorhinotermes.	
Following	 the	 scenario	 of	 an	Oriental	 origin	 of	 Rhinotermitinae,	 ancestral	 rhinotermitines	










































































































































Fig.	1.	 Reconstruction	of	Rhinotermitinae	 lineage	ancestral	distributions,	 and	estimates	of	
divergence	times	within	the	group	based	on	whole	mitochondrial	genomes,	with	third	codon	
positions	excluded.	The	map	shows	the	biogeographic	areas	that	were	described	in	Holt	et	al.	
2013.	 Phylogenetic	 tree	 was	 estimated	 in	 RAxML	 and	 Mrbayes.	 Branch	 support	 values	
indicate	 maximum-likelihood	 bootstrap	 support	 (percentage)	 and	 posterior	 probability	 in	
RaxML	and	MrBayes	trees,	respectively.	Asterisks	indicate	100%	bootstrap	support	and	1.0	
posterior	probability.	The	bars	at	the	nodes	indicate	the	95%	HPD	intervals	for	the	ages.	Pie	
charts	 indicate	 likelihoods	 of	 ancestral	 geographic	 range	 reconstructed	 with	 a	 maximum	
likelihood	model.	
